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Aims

This study investigates the effects of intra-articular injection of adipose-derived mesenchy-
mal stem cells (AdMSCs) and platelet-rich plasma (PRP) on lameness, pain, and quality of life
in osteoarthritic canine patients.

Methods

With informed owner consent, adipose tissue collected from adult dogs diagnosed with de-
generative joint disease was enzymatically digested and cultured to passage 1. A small por-
tion of cells (n = 4) surplus to clinical need were characterized using flow cytometry and tri-
lineage differentiation. The impact and degree of osteoarthritis (OA) was assessed using the
Liverpool Osteoarthritis in Dogs (LOAD) score, Modified Canine Osteoarthritis Staging Tool
(mCOAST), kinetic gait analysis, and diagnostic imaging. Overall, 28 joints (25 dogs) were
injected with autologous AdMSCs and PRP. The patients were followed up at two, four, eight,
12, and 24 weeks. Data were analyzed using two related-samples Wilcoxon signed-rank or
Mann-Whitney U tests with statistical significance set at p < 0.05.

Results

AdMSCs demonstrated stem cell-like characteristics. LOAD scores were significantly lower at
week 4 compared with preinjection (p = 0.021). The mCOAST improved significantly after
three months (p = 0.001) and six months (p = 0.001). Asymmmetry indices decreased from
four weeks post-injection and remained significantly lower at six months (p = 0.025).

Conclusion

These improvements in quality of life, reduction in pain on examination, and improved sym-
metry in dogs injected with AAMSCs and PRP support the effectiveness of this combined
treatment for symptom modification in canine OA for six months.
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The effect of stem cells and PRP injection
on lameness and pain scores in osteoar-
thritic canine patients.

management of canine osteoarthritis
(OA).

Improvement in OA symptoms in clinical
canine patients with large variability in
ages, breeds, and weights.
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Strengths and limitations
A single intra-articular injection of AAMSCs and PRP
was effective for six months.
This study is applicable in a clinical setting as patient
progress was monitored noninvasively using gait
analysis and pain scores.
Additional research needs to be performed in order to
determine the optimal dose and timing for repeated
injection of AMSCs and PRP.

Introduction

Osteoarthritis (OA) is characterized by degeneration of
the articular cartilage, with loss of matrix, fibrillation,
and formation of fissures causing loss of the cartilage
surface. Associated changes include osseous metaplasia
of intra- and extracapsular structures, abnormal periar-
ticular calcification, and joint mechanics. OA is the most
common cause of chronic pain in dogs, with an estimated
20% of dogs presenting with clinical signs." It is a chronic
degenerative condition commonly managed with anal-
gesics and symptom-modifying medication, alone or
in combination with supportive therapies such as exer-
cise and physiotherapy. These management methods
are, however, limited in their ability to attenuate disease
progression, leaving arthroplasty as a common eventu-
ality in OA patients.’

Research has focused on using stem cell therapy for
the management of OA. Not only do stem cells have
differentiation and self-renewal properties, which may
directly contribute to cartilage repair, but they also have
anti-inflammatory and immunosuppressive abilities and
secrete a variety of bioactive factors that allow them to be
attracted to the site of injury, reducing pain and inflam-
mation.>® In the osteoarthritic joint, progressive carti-
lage degradation produces proinflammatory mediators
which exacerbate the condition; consequently, the anti-
inflammatory properties of stem cells may be beneficial
in reducing the inflammatory processes associated with
OA.87

Autologous adipose-derived mesenchymal stem cell
(AdMSC) therapy requires isolating and expanding stem
cells from the patient’s fat using tissue culture tech-
niques. The cells can then be administered into the osteo-
arthritic joint through intra-articular injection. The use of
AdMSCs in preference to BMSCs is becoming increasingly
common as adipose tissue is easy to obtain; the procedure
for isolating the cells from the fat is simple, and adipose
tissue has been shown to yield approximately 500 times
more stem cells than bone marrow.8'° Studies reporting
the application of MSCs in canine OA include autologous
and allogeneic BMSCs and AdMSCs."®™12 Human clinical
trials assessing the effect of AMSC in OA demonstrated
preservation and increased cartilage volume compared
to control patients as assessed by MRI, clinical exam, and
cartilage scoring.”>"

Platelet-rich plasma (PRP) is isolated from patient
blood and consists of a mixture of growth factors such

as hepatocyte growth factor (HGF), vascular endothe-
lial growth factor (VEGF), platelet-derived growth factor
(PDGF), and transforming growth factor-f (TGF-B).
Intra-articular injection of PRP is associated with reduced
inflammation, pain relief, improved limb function, and
possible cartilage regeneration in human OA patients,'¢"
and has been shown to reduce lameness in dogs with
OA.?° The aim of this study was therefore to investigate
the effect of stem cells and PRP injection on lameness and
pain scores in osteoarthritic canine patients.

Methods

We do not believe the ARRIVE guidelines apply to our
study because the dogs in this study were injected under
the guidance of Recognised Veterinary Practice (RVP). All
patients were receiving treatment at a veterinary practice,
treatment for which the owners were paying and have
given informed consent.

Patient recruitment and radiological evaluation. A series
of 25 skeletally mature dogs (28 joints) were recruited
for this study (Table I). The mean age of the dogs includ-
ed was 98.5 months (standard deviation (SD) 34.5); 18
to 138) and the mean weight was 32.8 kg (SD 13.0; 13
to 58.1). All patients included in this study were receiv-
ing their first stem cells and PRP injection as part of OA
management.

Inclusion criteria included the presence of OA in one
or more joints. Dogs were excluded if they had any
other orthopaedic-related surgery to the injected and/
or the contralateral limb. A complete clinical evalua-
tion was performed including haematology and serum
biochemistry. Radiographs were reviewed to determine
the degree of OA in the affected joint(s). The Interna-
tional Elbow Working Group Scoring Scheme was used
to assess osteophyte size to grade the severity of OA. The
scoring system used for all the joints including shoulder,
hip, and stifle was: grade O = no osteophytes, grade 1 =
osteophytes < 2 mm, grade 2 = osteophytes 2 mm to 5
mm, grade 3 = osteophytes > 5 mm.?"?> Lameness and
limb asymmetry were confirmed using pressure-sensitive
walkway analysis (Strideway; Tekscan, USA) immediately
prior to enrolment on the study.

Adipose tissue collection. Adipose tissue was collect-
ed from each dog. Dogs were pre-medicated using in-
travenous (V) administration of acepromazine (0.02
mg/kg; ACP; Elanco, UK) and methadone (0.3 mg/kg;
Comfortan; Dechra, UK). General anaesthesia was in-
duced with propofol 1 to 4 mg/kg (PropoFl; Zoetis, UK),
the dog intubated, and then anaesthesia maintained with
inhaled 2% isoflurane in oxygen. Adipose tissue was har-
vested from subcutaneous tissue in the inguinal region or
falciform ligament.?

Tissue and stem cell processing. The adipose tissue was
washed with phosphate-buffered saline (PBS) (Thermo
Fisher Scientific, UK) and 1% P/S solution. The fat was
minced and digested with collagenase Il enzyme (Sigma
Aldrich, UK) for three hours at 37°C with agitation.
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Table 1. Patient characteristics.
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ID Breed Age, mths Weight, kg Sex Joint injected Other injected joints
1 Cane Corso 49 53.7 F L stifle None
2 Rottweiler 67 58.1 MN L stifle None
3 Doberman 47 48.5 MN L stifle None
4 Rhodesian Ridgeback 127 30.0 FN R stifle None
5 Doberman 18 41.0 M L stifle None
6 Labradoodle 120 32.5 MN R hip None
7 Crossbreed 138 23.6 M L hip None

L elbow
8 Labrador 119 34.7 MN R hip Bi elbows
9 Labrador 100 26.3 FN L hock Bi elbows
10 Collie crossbreed 134 22,5 M L hock None

R elbow
1 Great Dane crossbreed 96 52.7 MN L hip Bi hips

L shoulder Bi hips
12 Labrador 134 27 F R hip Bi elbows, LS spine
13 ESS 116 26.3 MN R elbow Bi elbows
14 Rhodesia Ridgeback 118 28.7 M R hip Bi elbows

crossbreed

15 ESS 110 17.7 F L elbow None
16 SBT 69 13.0 M L hock Bi elbows
17 Hungarian Vizla 114 28.0 M L hip Bi elbows
18 Rottie X 122 30.6 M L hip Bi elbows

Bi, bilateral; ESS, English Springer Spaniel; F, female; FN, female neutered; L, left; M, male; MN, male neutered; R, right; SBT, Staffordshire Bull

Terrier.

Table II. List of primary antibodies (conjugated and unconjugated) and their conjugated isotype controls.

Primary antibodies

Isotype or secondary control

R-phycoerythrin conjugated anti-CD29 (eBioscience) MEM-101A

PE conjugated anti-CD34 (eBioscience) -1 H6

Fluorescein isothiocyanate conjugated anti-CD45 (eBioscience) — YKIX716.13
Allophycocyanin conjugated anti-CD90 (eBioscience) KIX337.217

Primary anti-CD105 (Abcam) — OTI8A1

Mouse IgG1-K PE (eBioscience) P3.6.2.8.1

Mouse IgG1-K PE (eBioscience) P3.6.2.8.1

Rat IgG2b-K FITC (eBioscience) eB149/10H5

Mouse IgG2b-K APC (eBioscience) — eBMG2b

Goat anti-mouse secondary antibody (Abcam) — ab150113

Thereafter, the fat mixture was centrifuged at 644 xg
for five minutes. The resulting cell pellet was then re-
suspended in growth media composed of Dulbecco’s
Modified Eagle’s Medium (DMEM) (Sigma Aldrich) sup-
plemented with 10% (v/v) foetal calf serum (FCS) (First
Link, UK) and 1% P/S solution, and cultured in a flask.
Cells were maintained in the growth media until passage
1, after which they were trypsinized, counted, and mixed
with PRP for injection into the joints.

PRP collection. Using a syringe containing 2 ml of citrate
anticoagulant (ACD-A, Anticoagulant Citrate Dextrose
Solution, Zimmer Biomet, USA), 18 ml of blood was col-
lected from the jugular vein. The blood was centrifuged
in sediment PRP (sPRP) tubes (NTL Biologica, UK) at 1,900
xg for three minutes, to separate the PRP from the blood.
The leucocyte-rich platelets in the PRP fraction were
then counted under a light microscope and mixed with
the stem cells before injection. Platelets were added to
AdMSCs at a ratio of ten platelets per AAMSC.

In vitro study for stem cell characterization: flow cytometry
analysis of CD marker expression. Passage 1 cells surplus
to clinical need were expanded further. Flow cytometry

was used to investigate CD marker expression of cells at
either passage 2 or 3 (n = 4). The cells were analyzed for
expression of CD29, CD90 and CD105, CD34, and CD45.
Cells were fixed for 15 minutes with 4% formaldehyde
solution and washed with 0.5% bovine serum albumin
(BSA) solution. The cells were then incubated with the
antibodies (Table II), and diluted as recommended by the
company for one hour in the dark at room temperature.
The excess antibody was washed off and the cells were
analyzed using a flow cytometer (CytoFLEX; Beckman
Coulter, USA). Analysis of CD105 required a fluorescent
secondary antibody. After one-hour incubation in the
primary antibody, the samples were incubated with the
secondary antibody in the dark for 30 minutes. After the
cells were washed in BSA, they were re-suspended in
saline solution for flow cytometry analysis. The resultant
data were analyzed with proprietary software (CytExpert;
Beckman Coulter). Isotype antibody was used as the
negative control.
Trilineage differentiation (performed on samples from
four patients). Osteogenic differentiation - 30,000 cells
at passage 2 were seeded and treated with osteogenic
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Table 111. The dosage of cells and platelets was determined by the weight
of the dog. The cells and platelets were suspended in 1.5 ml of plasma for
injection.

Dog weight, kg Cell number Platelet number

O0to10 4 million 40 million

11 to 25 10 million 100 million
26 to 45 16 million 160 million
45+ 30 million 300 million

media containing growth media, supplemented with
10 mM B-glycerophosphate (Sigma Aldrich), 200 uM L-
ascorbic acid (Sigma Aldrich), and 100 nM dexametha-
sone (Sigma Aldrich). The samples were fixed at day 21
with 10% formaldehyde and stained for calcium phos-
phate deposition using Alizarin Red stain (Sigma Aldrich).
The samples were imaged under inverted light microsco-
py (Primovert; Zeiss, Germany).

Adipogenic differentiation - 30,000 cells at passage
2 were seeded and cultured with adipogenic media
consisting of growth media supplemented with 50
mM Indometacin, 0.1 nM dexamethasone, 0.45 mM
3-isobutyl-1-methylxanthine, and 10 mg/ml Insulin (all
Sigma Aldrich). The samples were incubated at 37°C and
5% CO,. The samples were then stained for the presence
of lipid droplets using Oil Red O stain at day 21. The cells
were initially washed in PBS and fixed with 4% formalde-
hyde, after which the cells were washed with 60% isopro-
panol and stained with Oil Red O for 15 minutes. Images
were taken under inverted light microscopy (Primovert;
Zeiss).

Chondrogenic differentiation - 100,000 cells at passage
2 were seeded as a micro-mass and supplemented with
chondrogenic media containing 2% FCS, 100 pM dexa-
methasone, 50 mM ascorbic acid, 0.05 M sodium pyru-
vate (Sigma Aldrich), 10 mg/ml transforming growth
factor-B1 (Peprotech EC,UK), and insulin-transferrin-
selenium premix (Thermo Fisher Scientific). The samples
were incubated at 37°C and 5% CO.,. After 21 days, the
samples were washed with distilled water and fixed for
three hours using 100% methanol (Sigma Aldrich) at
-20°C. The samples were then stained overnight for
glycosaminoglycan production using Alcian Blue stain
(Sigma Aldrich).
Stem cell injection. Patients were sedated with an IV
injection of medetomidine (12 pg/kg) plus methadone
(0.02 mg/kg). The number of cells injected per joint was
determined by the weight of the patient in approximate-
ly 1.5 ml of PRP (Table Ill). The site for intra-articular in-
jection was clipped and cleaned using chlorohexidine
followed by final alcohol prep. The injection was ad-
ministered under aseptic conditions with a 5 ml syringe
and one-inch 21-gauge needle. Elbows were injected
by identifying the medial humeral condyle and olecra-
non and passing a needle caudomedial to craniolateral
into the joint space. Coxofemoral joints were injected by
identifying the great trochanter of the femur, externally

rotating the femur, palpating a deficit between femoral
head and pelvis, then passing a needle into the coxofem-
oral joint space. Stifles were injected by locating the dis-
tal aspect of the patella and tibial tuberosity. The needle
was passed abaxial to the straight patella tendon angled
underneath the patella. Joint fluid was aspirated to con-
firm intra-articular location. Post-procedural analgesia
provided was by buprenorphine (0.01 mg/kg SC at six
hours post-injection) and paracetamol (10 mg/kg by
slow IV injection, then orally every 12 hours for the next
72 hours).

Outcome measures. To assess mobility, a validated OA
survey instrument, the Liverpool Osteoarthritis in Dogs
(LOAD) questionnaire was given to owners at the time of
study entry (18 dogs), two weeks (ten dogs), four weeks
(13 dogs), eight weeks (13 dogs), 12 weeks (13 dogs),
and 24 weeks (eight dogs) post-injection.?* A reduction in
LOAD scores reflects an improvement in mobility.?

All Tekscan data were collected by the same person
(LC) for this study. Tekscan data were collected on the day
of injection to obtain the initial baseline data (25 dogs).
Thereafter data were collected at two weeks (ten dogs),
four weeks (15 dogs), eight weeks (18 dogs), 12 weeks
(16 dogs), and 24 weeks (nine dogs) post-injection. Limb
loading, corrected to percentage body weight (%BW)
was used to calculate the asymmetry index, which is
an indicator of weight distribution between the healthy
and the osteoarthritic joint. Lameness was indicated by
a high asymmetry value. When lameness occurs in a
load-bearing limb, compensatory load adjustments are
made in the contralateral limb, so a lower asymmetry
index indicated equal weight distribution.?¢?” The %BW
was measured by walking the dogs in a straight line four
times across a pressure mat, at a consistent walk, approx-
imately 100 cm/s. Prior to measurements, all dogs were
acclimatized to the room and the pressure mat. Asym-
metry index between contralateral limbs was calculated
by: (X, =X))/(X + X)))*100, whereby X and X are the %BW
for the right and left limb, respectively.®

The Canine Osteoarthritis Staging Tool (COAST) is
a standardized scoring system that uses observations
from both the owner and veterinarian to monitor canine
OA progression.”? A modified version of the COAST
(mCOAST) scoring system was used in the current study
to assess patients at baseline (16 dogs), 12 weeks (16
dogs), and 24 weeks (13 dogs). The system was modified
by excluding values assigned to follow-up radiological
assessment. In this study, the final score was determined
by adding scores together from each category, rather
than taking the highest value as per the original COAST
scoring system, and a reduction in the score would reflect
an improvement in the progression of OA symptoms.*°
Statistical analysis. The data in this study were non-
parametric, therefore statistical comparison was carried
out using a Wilcoxon signed-rank or Mann-Whitney U
test. All data were analyzed using SPSS version 25 (IBM,
USA). Statistical significance was defined as p < 0.05.
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Fig. 1

a) Alizarin Red, b) Oil Red O, and c) Alcian Blue stain for adipose-derived mesenchymal stem cells and their negative controls differentiated to d) bone, e) fat,

and f) cartilage, respectively, after 21 days (n = 4).
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Flow cytometry results for adipose-derived mesenchymal stem cells. The cells were negative for CD34 and CD45 and highly expressed CD90 (n = 4).

Results
There were no adverse effects associated with either
surgical harvest of fat tissue or after the injection of stem
cells and PRP. Radiographs were available for 26 of 28
joints; three joints were assigned grade O, three joints
were assigned grade 1, eight joints were assigned grade
2, and 12 joints were assigned grade 3. Two joints were
not radiographed. Of the 25 patients, three were injected
in multiple joints. Altogether 28 joints were treated with
AdMSCs and PRP (Table I).

In accordance with the International Society for Stem
Cell Research,’’ AAMSCs differentiated to bone, fat, and
chondrocytes (n = 4) after 21 days and stained positively

for Alizarin Red, Oil Red O, and Alcian Blue stain, respec-
tively (Figure 1). The cells (n = 4) were also analyzed
using flow cytometry and showed limited expression of
CD34 and CD45 with positive expression of CD29, CD90,
and CD105 (Figure 2).

LOAD scores were significantly lower at week 4 (p =
0.021, Mann-Whitney U test) compared with preinjec-
tion. The mCOAST improved significantly after three
months (p = 0.001, Mann-Whitney U test) and six
months (p = 0.001, Mann-Whitney U test), implying
that the injections made an improvement to the pain
and mobility of the patients after four weeks, as assessed
by the owner, and after three months (12 weeks) and
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Graphs showing: a) the mean Liverpool Osteoarthritis in Dogs (LOAD) score taken before injection (on the day of the injection) up to six months; and b) the
mean Modified Canine Osteoarthritis Staging Tool (mMCOAST) score assessed on the day of injection (preinjection), and three months and six months post-
injection. The LOAD score was shown to decrease up to six months, demonstrating improved mobility and pain scores based on owner assessment. *p <
0.05, Mann-Whitney U test. For LOAD analysis: preinjection (n = 17), week 2 (n = 10), week 4 (n = 13), week 8 (n = 13), week 12 (n = 13), and week 24 (n = 8).
For COAST analysis: preinjection (n = 16), week 12 (n = 16), and week 24 (n = 13).

six months (24 weeks), as assessed by the veterinarian
(Figure 3).

The asymmetry index decreased at week 2, possibly
due to the physical effect of joint lavage from the injection
procedure. The asymmetry index then increased at week
4 and then decreased consistently until 24 weeks (six
months). Significant differences were recorded between
weeks 8 and 24 (p = 0.021), weeks 4 and 24 (p = 0.008),
weeks 12 and 24 (p = 0.011), and between weeks 24 and
week O/preinjection (p = 0.025, all Mann-Whitney U test)
(Figure 4).

Discussion
Loss of articular cartilage with inflammation is a common
feature of OA. It eventually results in impaired joint func-
tion.3? Results from this study demonstrate that AAMSC
and PRP therapy improved pain and lameness scores over
time, with statistical and clinical significance seen at 12
weeks and six months compared with preinjection. Clini-
cally, this is an important finding because although these
results did not reflect the asymmetry index from gait
analysis, the ADMSCs and PRP injections appear to have
enabled patients to experience a better quality of life with
less pain, delaying the need for more invasive surgical
techniques. Similar results were reported in a study
in osteoarthritic human patients, in which 18 patients
were injected with AAMSCs in the knee joint. This study
showed significant improvement in Western Ontario and
McMaster Universities Osteoarthritis (WOMAC) score and
size of the cartilage defect, with no adverse events.*?
Articular cartilage is susceptible to damage and
has a poor potential for regeneration due to its lack of
vascularity. As OA progresses, the load-bearing capacity
and biomechanical properties of the thinning cartilage

decreases and restoration of normal cartilage function
is difficult to achieve. As well as the ability to differen-
tiate into chondrocytes, stem cells also control the local
microenvironment via anti-inflammatory and immuno-
suppressive factors, thereby protecting the cartilage from
further tissue destruction and aiding regeneration of the
remaining progenitor cells.** The role that injected stem
cells play in cartilage regeneration is therefore unclear
and it is difficult to predict how long the cells’ stimulatory
effect may last, and whether a reinjection of cells and PRP
may be necessary.”® From the asymmetry measurements
in our study, the treatment appears to remain effective
for months.

The growth factors in PRP have an anti-inflammatory
and analgesic effect.3>3¢ HGF has been shown to enhance
the inhibition of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-«kB), which decreases the
production of the cytokine interleukin 6 (IL-6), leading to
an increase in the anti-inflammatory cytokine IL-10.3738
Indeed, PRP injection has been shown to be effective after
three and six months of injections in human patients
with initial stage of knee OA, compared with patients
injected with hyaluronic acid (HA).** Similar results have
also been reported in canine patients injected with PRP,
with an increase in PVF and improved pain and lameness
scores at 12 weeks.'>*? Additionally, it has been reported
that when MSCs were treated with PRP, proliferation and
chondrogenic differentiation in vitro were enhanced.**2
A study by Yun et al'? demonstrated superior disease
modification when AdMSCs were combined with PRP, as
compared to stem cells or PRP alone, in an experimental
model of canine OA, whereby the dogs were injected
every week for a month. However, unlike the study by
Yun et al,” dogs in our study had naturally occurring OA
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Fig. 4

The asymmetry index calculated using the peak vertical force (PVF), calculated from the injected limb and the contralateral uninjected joint. Asymmetry index
is a percentage, calculated by finding the difference in PVF between the treated and untreated limb and dividing by the sum of PVF for the same limbs. *p <
0.05, Mann-Whitney U test. Preinjection (n = 28), week 2 (n = 10), week 4 (n = 15), week 8 (n = 18), week 12 (n = 16), and six months (n = 9).

and have shown a statistically significantly long-term
positive response to a single injection of cells and PRP
injection, until six months. This is therefore more viable
in a clinical setting in veterinary and human medicine,
because all patients would demonstrate variability in
ages and weight, and their progress would be monitored
using gait analysis and pain scores.

Unlike MRI, which can be very costly, radiological
analysis can be used in clinical practice for diagnosis of
OA in dogs. However, it mainly provides information on
osseous changes such as sclerosis and osteophyte forma-
tion, but provides limited data on soft tissues. Osteophyte
measurements can be graded and used to diagnose OA,
but it has been shown that osteophyte size can vary
between different breeds of dogs.** Therefore, radiolog-
ical findings, taken in isolation, should be interpreted
with caution, as they are not a reliable indicator of OA.

The dogs in this study were therefore assessed clinically
and using gait analysis.

The dogs in this study were injected under the guid-
ance of RVP. Therefore, the limitations of this study
were as follows. Firstly, the lack of a placebo or control
group that would receive an intra-articular injection of
saline solution or PRP in a prospective blinded random-
ized control manner to conclusively assess the effect of
the treatment arm in an unbiased manner. The authors
acknowledge that it would have been preferable to
compare the results from this case series with those
injected with only PRP or HA, but there are constraints
on randomization in many veterinary practices. Secondly,
the restriction to collect invasive outcome measures in a
clinical setting following treatments such as AAMSCs. MRI
and arthroscopy could have been used to assess cartilage
volume and infill. This would have identified whether the
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improvement in lameness was due to cartilage regrowth
or due to the anti-inflammatory effect of the cells. Deter-
mining the catabolic and anabolic biological markers in
the synovial fluid would also have helped to establish
the anti-inflammatory effect of the cells and PRP in OA.
However, to subject these patients to additional anaes-
thesia for imaging and arthroscopy would have required
an experimental licence. Finally, canine OA often affects
joints bilaterally; it is difficult to report on the effects of
stem cells in patients with asymmetrical OA. The effect of
multiple joint OA may mask clinical outcomes following
stem cell injection.

In conclusion, this study represents the first clinical
series on the use of a combination of autologous culture-
expanded AdMSCs and PRP in the management of canine
OA. We report a significant improvement in pain and
functional scores and lameness. Although these find-
ings support the idea of using AAMSCs in the manage-
ment of OA, additional research needs to be performed
in order to determine the optimal dose and timing, and
to confirm whether combination therapy is better than
monotherapy.
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